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(57) Abstract 

A method of adjusting an optical projection system is 
provided, in which the relation (dependence) between the 
amount of change in imaging characteristics of the optical 
projection system and the change in the installation 
environment can be measured in a short time without 
changing the installation environment (e.g., atmospheric 
pressure) of the optical projection system. Light (IL) from a 
light source (1) illuminates a reticle (9) through fly-eye 
lenses (2,4) and a condenser lens (8), and the pattern image 
of the reticle (9) is projected to a wafer (12) through an 
optical projection system (11). Since the change in 
wavelength of the light (IL) and the change in ambient 
pressure (substantially equal to atmospheric pressure) are 
substantially equivalent as viewed from the optical 
projection system (11), the atmospheric dependence of the 
imaging characteristic is measured by measuring the amount 
of change in the imaging characteristic while varying the 
wavelength of the light (IL). 
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CLAIMS 



An adjustment method for a projection optical system 
whl>ch projects an image of a pattern on a first surface onto 
a secoHd surface, characterized by comprising: 

changing a wavelength of the illumination light for 
illuminating\the pattern on the first surface, and detecting 
a change amount\of image formation characteristics of an 
image projected on^to the second surface via the projection 
optical system. 

2. The adjustment method for a projection optical system 
according to Claim 1, characterized in that when a 
predetermined installation environment of the projection 
optical system changes, the image formation characteristics 
of the projection optical systeirrvis adjusted based on a 
relationship between the change amcmnt of the wavelength of 
the illumination light and the change\amount of the image 
formation characteristics in associatioX with the change 
amount of the wavelength of the illumination light. 



3. An adjustment method for a projection optical system 
which projects an image of a pattern on a first surf ace _oi 
a second surface — eba«rcLei ized _ui tnai 
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fctfien an installation environment is different between 
an assefhbly location where the projection optical system is 
assembled and adjusted and a relocated location where the 
projection optical system is used, the wavelength of the 
illumination lrght for illuminating the pattern on the first 
surface is changed according to a change amount of the 
installation environment in using the projection optical 
system at the relocated location. 



4. An adjustment methoci for a projection optical system 
which projects an image or a pattern on a first surface onto 
a second surface, characterized in that: 

when an installation environment is different between 
an assembly location where the projection optical system is 
assembled and adjusted and a relocated location where the 
projection optical system is usedAthe wavelength of the 
illumination light for illuminating Vhe pattern on the first 
surface is changed ^according to the installation environment 
of the relocated location in advance wheK assembling and 
adjusting the projection optical system at\he assembly 
location. 



5. The adjustment method for a projection optical system 
according to Claims 2, 3 or 4 , characterized in that gas. 



THIS PAGE BLANK (uSpto) 



itmospheric pressure is supplied inside the projection 
op-cdcal system, and the change of the installation 
environment of the projection optical system is the change 
of the \atmospheric pressure. 





6. A projection exposure apparatus comprising an 
illumination \pptical system which illuminates a mask pattern 
by an illumination light, and a projection optical system 
which projects ark image of the mask pattern onto a 
substrate, characterized by further comprising: 

a wavelength adjusting device which changes the 
wavelength of the illumination light; 

an image formation clraracteristics measurement system 
which measures the change amount of the image formation 
characteristics of the projection optical system; 

an installation environment measurement system which 
measures the installation environment of the projection 
optical system; \ 

a image formation characteristics adjustment system 
which adjusts the image formation characteristics of the 
projection optical system in accordance withNthe measurement 
result of the installation environment measurement system, 
based on a relationship between the change amount \f the 
wavelength of the illumination light and the change amount 
M the image formati on characteristics in a s -s ociation wit h 
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y 4he change amount of the wavelength of the illumination 
Aflht. 

7. A^projection exposure apparatus comprising an 
illumination optical system which illuminates a mask pattern 
by an illumination light, and a projection optical system 
which projects >an image of the mask pattern onto a 
substrate, characterized by further comprising: 

a wavelength adjusting device which changes the 
wavelength of the illtamination light; 

a control system which controls the change amount of 
the wavelength of the illumination light which is changed by 
the \ 

wavelength adjusting device ii* accordance with an actual 
change amount or a predicted change amount of the 
installation environment of the projection optical system. 

8. An exposure method for pro jecting >an image of a pattern 
formed on a first surface onto a second surface via a 
projection optical system, characterized by ctmiprising: 

measuring an installation environment of thevjpro jection 
optical system; and 

changing a wavelength of the illumination light \ 
i illjinp-na^tiitg^gh the first surldce in order — to subgrtantiaL ly^ 
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eel a difference between the measured environment and a 




predetermined reference envi 



The exposure method according to Claim 8, characterized 
in that^^ change amount of the image formation 
characteristics^?!* the projection optical system which is 
generated af ter\t#&x^change of the wavelength is corrected by 
at least one of the chanij^ of wavelength and an adjustment 
of the projection optical syst< 



The exposure method according to Claim 8 or 9, 
characterized in that the change amount of the predetermined 
image forntation characteristics of the projection optical 
system causeo\by a factor other than the installation 
environment is corrected by adjusting the projection optical 
system. 



11. The exposure method accorfc^ng to Claim 8 or 9, 
characterized in that the change anrat*qt of the predetermined 
image formation characteristics of the prbgection optical 
system caused by a factor other than the installation 

enviro rim^ni^ -i-n HnrrP^H hy r-i^angj pq t he wa y ^l pngJ 
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ra-v^^A device manufacturing method comprising a step of 
transferring the device, patte rn OULO - a - wa^ k^jgiece using the 
^pos4H? e- method acuuidiuy Lo any one ul Claims 8 ui 9" 



73 



THIS 



WPTO) 




mums 



# 



83k. mmffniimtQ. 412?) 

Tl 8&, PCT8UUJ43, 44] 



<Z>W&W.%- 0 0/0 6 12 7 


fc'oV*Ttt;, B^3K#ft©^»*naW;(PCT/I SA/220) 


PCT/J P 9 9/0 4 9 8 9 


<B. J3.#9 13. 0 9. 9 9 


(S.M.m 17. 0 9. 9 8 


mm a (R£ju-±&m 



BB8SEPaE«BBiSf^*Ufc^©BBISWaE*ft«r»jaffT^Jj|S41ft (PCT18*) ©«3fetettv*tl«Afc:aStti-a. 



1. BRswsEfft^rosas 



□ aiac, i©HWIME«B8l::lftas*Lfc:»i5K:J:5ia5iJ* 

3. □ *Mo*-ttas^»iUTv^a GgnflHtjgi) . 



4. &w<D&m-± 



[x] ffiSAj6*itttiLfc 5. 



5. Rfttt 



H ttlMA* 5 atBbfctroSr*^-t-5„ 

□ ^fflffll(c:^$n-Cv^-5J:p(c:, iHftfTfc9JjS47* (P CT8UUJ38. 2(b)) ©»^tJ;9 



6. Kft*fci:tfc45***u5®tt, 

» 1 Bt-TS. (x) WRAi^bfci:S3»)-C*)5. 



□ WJHAttB«:*;*fca»ofc. 



«SPCT/ISA/2 10 (II^-^) (1 9 9 8^7^) 



THIS PAGE BLANK (uspto) 



PCT/J P 9 9/0 4 9 8 9 



a. &m<nm-rz>fr®-<D&m <mmm$&rm (ipo > 

Int. CI* H01L21/027 



IMESrfTofcfc/MRJJfl. (BBimn^H (IPC) ) 
Int. CI' H01L21/027 



B*HHffiSf^# 1 9 2 6-1 9 9 6* 

8$m4kfflnm$im-&m 1971-1999* 

0*BS^Hffl5lf^# 1994-1999* 

B*mmmm&5tm.4iWL 1996-1999* 



mffl&-v&m Lfcm^x-^-<-^ *^«— H3fci;n£jfi ltubs) 



^7^=f y — * 



9iffi3tiBU& &ty-»ottMaiWiii-sfe'#tt, * rowan- sggfgxa* 



X 
Y 



Y 



JP, 7-1 9 2 9 9 0, A (t&T 
2 8. 7£. 1995 (2 8. 0 7 

JP, 7-245251, A 
19. 9M. 1995 (19. 

ii, #mi3fc0>«gB 

JP, 9-19940 3, A 
31. 7M. 1997 (3 1. 
II, #fFft*of5H 

(7 7^!J^U 



9 5) 



0 9.. 9 5) 



0 7. 9 7) 



1,2,5 
6-12 



6-12 



9-12 



t>tf> 

TEj BBBBffi«H«rottJR4yt«:WnFT?*>5!JS, BKEttKB 
XiSK (aS5r#-T) 



<73 a 

TTtiJJRtii ; JSi-S1>©-C»4*<, SKroiaXliS 

r&j pi— ^ h ^ r $ y — let®. 



0 7. 12. 9 9 



9£ft!M£«>*ei£ B ] 4. 1 2.99 



H*H#WFJr (ISA/JP) 
100-8915 



fit ;^<fp 



03-3581-1101 



2M 



9 3 5 5 



3 2 7 4 



aSPCT/I SA/2 1 0 (*2'<-y) (1 9 9 8*7^) 



THIS PAGE BLANK (uspto) 



PCT/J P 9 9/04 9 8 9 



c m%) 



nm-r& 



JP, 8 — 305034, A / >W^^t) 

22. 11^. 1 9 9 6 (2 2. 1 1. 9 6) 
II, «pfra!3fcG>*filH 

&EP, 742492, A 1 &US, 5838426, A 

JP, 309323, A 

1 3. 12^. 1989 (13. 1 2. 8 9) 

(77 5!)^L) ' ' 



9-12 



1-12 



«iCPCT/ 



ISA/2 10 (3^2^— i?<nWi%) (1 9 9 8¥7fl) 



THIS PAGE BLANK (uspto) 



PATENT COOPERATION TREATY 

PCT *£CEiveo 

INTERNATIONAL PRELIMINARY EXAMINATION R^P^RT^ 



(PCT Article 36 and Rule 70) 



TECHNOL 



0GYc ^rER 2800 



Applicant's or agent's file reference 
00/06127 


rilDTurD r^rir\Tsj SeeNotificationofTransmittaloflnternational Preliminary 
FOR FURTHER ACTION Examination Report (Form PC T/IPEA/4 1 6) 


International application No. 


International filing date (day/month/year) 


Priority date (day/month/year) 


PCT/JP99/04989 


13 September 1999 (13.09.99) 


17 September 1998 (17.09.98) 


International Patent Classification (IPC) or national classification and IPC 




HOI L 21/027, G03F7/20 






Applicant 


NIKON CORPORATION 





This international preliminary examination report has been prepared by this International Preliminary Examining Authority - 
and is transmitted to the applicant according to Article 36. 



This REPORT consists of a total of 



. sheets, including this cover sheet. 



This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority (see 
Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 
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Lack of unity of invention 
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 

PCT/JP99/04989 



I. Basis of the report 



1. With regard to the elements of the international application:* 
[ | the international application as originally filed 

the description: 

pages 1-35 

pages 

pages 



, as originally filed 



, filed with the demand 



, filed with the letter of 



the claims: 

pages 

pages 

pages 

pages 



2,6-8,10,11,16 



, as originally filed 

, as amended (together with any statement under Article 1 9 

, filed with the demand 



1,3,5,12-15,17-32 



filed with the letter of 22 September 2000 (22.09.2000) 



IEI 



the drawings: 

pages 

pages 

pages 



1-14 



, as originally filed 
, filed with the demand 



filed with the letter of 



| | the sequence listing part of the description: 

pages 

pages 

pages 



, as originally filed 



, filed with the demand 



filed with the letter of 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language which is: 

1 | the language of a translation furnished for the purposes of international search (under Rule 23. 1 (b)). 
1 1 the language of publication of the international application (under Rule 48.3(b)). 

I | the language of the translation furnished for the purposes of international preliminary examination (under Rule 55.2 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

contained in the international application in written form, 
filed together with the international application in computer readable form, 
furnished subsequently to this Authority in written form, 
furnished subsequently to this Authority in computer readable form. 

The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

The statement that the information recorded in computer readable form is identical to the written sequence listing has 
been furnished. 

The amendments have resulted in the cancellation of: 

I I the description, pages 

the claims, Nos. 9 



□ 
□ 
□ 
□ 
□ 

□ 



I I the drawings, sheets/fig _ 



| | xhj s report has been established as if (some of) the amendments had not been made, since they have been considered to go 
' ' beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 

* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
in this report as "originally fled" and are not annexed to this report since they do not contain amendments (Rule 70.16 
and 70.17). 

** Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this report. 
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International application No. 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT PCT/JP99/04989 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 



citations and explanations supporting such statement 

1 . Statement . . 

Novelty (N) Claims 1-8,10-32 YES 

Claims NO 

Inventive step (IS) Claims 1-8,10-21,25-30 YES 

Claims 22-24,31,32 NO 

Industrial applicability (IA) Claims 1-8,1 0-32 YES 

Claims NO 



2. Citations and explanations 
Claims 1-3,5-8, 10, 25 

The idea, in the case of a method of adjusting an optical projection system, of varying either or both of the 
illumination conditions and the structure conditions, varying the wavelength of the illuminating light for each 
condition and detecting the amount of change in the imaging characteristic, and determining for each condition a 
prescribed relationship between the amount of change in the installation environment of the optical projection 
system and the amount of change in the imaging characteristic, is neither disclosed in any of the documents cited in 
the ISR nor obvious to a person skilled in the art. 

Claims 4, 1 1 

The idea, in the case of a method of adjusting an optical projection system for the case that the installation 
environment is different between the assembly site where the optical projection system is assembled and adjusted 
and the relocation site where the optical projection system is used, of varying the wavelength of the illuminating 
light in accordance with the installation environment at the relocation site when carrying out the assembly and 
adjustment of the optical projection system at the assembly site, is neither disclosed in any of the documents cited in 
the ISR nor obvious to a person skilled in the art. 

Claims 12-21, 26-30 

The idea, in the case of a method of exposing through an optical projection system, of obtaining information 
relating to the amount of change in the imaging characteristic of the optical projection system, and correcting the 
amount of change in a prescribed imaging characteristic using a first means for adjusting the prescribed imaging 
characteristic by varying the wavelength of the illuminating light and a second means for adjusting the prescribed 
imaging characteristic using a method different to that of the first means, is neither disclosed in any of the documents 
cited in the ISR nor obvious to a person skilled in the art. 

Claims 22-24, 31, 32 

The countermeasure disclosed in the document [JP, 7-192990, A (Matsushita Electric Industrial Co, Ltd.), 28 
July, 1995 (28.07.95)] against fluctuations in the imaging characteristic that arise due to environmental changes, 
which involves varying the wavelength of the illuminating light, is considered to correspond to the procedure 
disclosed in claims 22-24, 31 and 32 whereby the installation environment of the optical projection system is 
measured, the amount of change in the installation environment is determined, and the wavelength of the 
illuminating light is varied in accordance with the amount of change in the installation environment. 

Moreover, it is considered that the technique of carrying out a number of processes simultaneously in order to 
shorten the preparation time for a device is common^in the field of manufacturing devices, and that there would be 
no technical difficulty in carrying out the 'preparatory operation' process and the process in which 'the wavelength 
of the illuminating light is changed' disclosed in claims 22-24, 31 and 32 simultaneously. It is thus considered that it 
would have been easy for a person skilled in the art to arrive at the subject matter of claims 22-24, 3 1 and 32 based 
on the above-mentioned document. 
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Minimum documentation searched (classification system followed by classification symbols) 
Int .CI 6 H01L21/027 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1926-1996 Toroku Jitsuyo Shinan Koho 1994-1999 

Kokai Jitsuyo Shinan Koho 1971-1999 Jitsuyo Shinan ToroJcu Koho 1996-1999 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. I 


X 
Y 


JP # 7-192990 , A (Matsushita Electric Industrial Co 
Ltd. ) , 

28 July, 1995 (28.07.95), 

page 1; Claims (Family: none) 


1,2,5 1 
6-12 1 
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JP, 7-245251, A (Nikon Corporation), 
19 September, 1995 (19.09.95), 
page 1; Claims (Family: none) 


6-12 1 
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JP, 9-199403, A (Nikon Corporation), 

31 July, 1997 (31.07.97), 

page 1,* Claims (Family: none) 


9-12 1 
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JP, 8-305034, A (Canon Inc.), 
22 November, 1996 (22.11.96), 
page 1 ,* Claims 

& EP, 742492, Al & US, 5838426, A 


9-12 I 
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JP, 309323, A (Nikon Corporation), 
13 December, 1989 (13.12.89), 
Claims (Family: none) 


1-12 I 



~~l Further documents are listed in the continuation of Box C. Q Sec patent family annex. 



"A" 
"O" 



Special categories of cited documents: 

document defining the general state of the an which is not 

considered Id be of particular relevance 

earlier document but published on or after the international filing 
date 

document which nay throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other 



"P" document published prior to the international filing date but later 
than the priority dale claimed 

Date of the actual completion of the international search 
07 December, 1999 (07.12.99) 



**T" later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 

"X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y* 1 document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the an 
document member of the same patent family 
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In this Amendment, the claims were amended as follows: 
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attached hereto. 
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